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anatomical location peak x,y,z (mm) cluster t15
size
left orbitofrontal cortex -15,36,-18 35 9.98
right tail of caudate 21,-12,24 64 7.84
24,-27,24 6.03
hippocampal complex -36,-36,3 45 7.43
-33,-24,-12 5.57
left nucleus accumbens -12,6,-15 53 7.34
extending to ventrolateral putamen
left tail of caudate -24,30,18 41 6.91
-24,-15,12 6.08
posterior cingulate 0,-12,36 22 6.65
anterior white matter 18,33,-3 16 6.56
cerebellum 24,-54,-48 20 6.43
15,-60,-48 5.52
39,-75,-42 58 6.20
39,-69,-33 5.70
medial prefrontal cortex -6,42,0 48 6.39
right nucleus accumbens 15,6,-18 17 6.14
9,9,-12 5.90
Supplementary Table 1: All clusters greater than 15 voxels that survived an uncorrected threshold of p <
0.0001 (t15 > 4.88) in the random effects contrast for a prediction error signal. Anatomical locations were
determined through inspection with respect to the average anatomical image of all 16 subjects.
1 2 30
0.2
0.4
0.6
0.8
1
pe
rc
en
t c
or
re
ct 
ch
oic
es
session
Supplementary Figure 1: Individual performance curves for the 16 subjects analyzed. Each curve shows the
percent correct choices in each of the three sessions, for a single subject, as evaluated using choice trials
in which one stimulus was associated with a strictly larger mean payoff than the other stimulus (80 choice
trials in all). The difference between performance in the first session and the last session was statistically
significant even when leaving out the two lowest-performing subjects in the first session (t13 = 4.91, p <
0.0005, paired one-tailed Student’s t-test)
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Supplementary Figure 2: Breakdown of the voxels in each of the left and right anatomical ROIs in the
nucleus accumbens, by the number of subjects sharing each voxel (i.e., how many subjects’ ROIs included
each MNI coordinate voxel). Most voxels were shared by up to 4 subjects, with no voxels shared by all 16
subjects. This underscores the importance of using anatomical ROIs delineated at the single subject level
rather than a subject-averaged ROI, at least for subcortical ROIs.
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Supplementary Figure 3: Raw BOLD signals (in arbitrary units) corrected for motion artifacts and scanner
drift, averaged over all subjects and stimulus onsets, and separated according to stimulus and payoff, in the
left and right NAC ROIs.
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Supplementary Figure 4: Raw BOLD signals (in arbitrary units) in the second and third sessions of the
experiment, corrected for motion artifacts and scanner drift, averaged over both ROIs for all subjects (bar
one who did not respond on 0¢ forced trials) and all stimulus onsets, and separated according to stimulus
and payoff. Legend as in Supplementary Figure 3.
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Supplementary Figure 5: Predicted differences between the value of the ‘sure’ 20¢ and the ‘risky’ 0/40¢
stimuli, extracted from the mean prediction error on forced trials only for the TD, Utility and RSTD models.
While the TD model does not predict a relationship between behavioral risk sensitivity and the difference
between the values of the two stimuli, both the Utility and the RSTD models predict that risk seeking
subjects will evaluate the risky stimulus as more valuable than the sure stimulus, and vice-versa for the
risk-averse subjects (Utility model: Spearman’s rank correlation ρ = 0.87, p < 10−5, one-tailed Student’s
t-test; RSTD model: Pearson’s correlation r = 0.91, p < 10−6, one-tailed Student’s t-test; rank correlation
was used for the Utility model but not the RSTD model as for the former the difference between the two
values is expected to increase monotonically, but not linearly, with risk aversion, while for the latter the
theoretical prediction is a linear change in value differences). Behavioral risk aversion was assessed as the
overall percentage of choice of the 20¢ stimulus in all choices between the 20¢ and the 0/40¢ stimuli across
the experiment.
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Supplementary Figure 6: Nonlinear subjective utilities do not account for risk sensitivity in our task. A
linear regression model was used to extract the neural values of the sure 0¢, 20¢ and 40¢ stimuli from the
BOLD signal for each NAC ROI and for each subject. From these we estimated the nonlinearity of the utility
function using the ratio between V (40)−V (0) and V (20)−V (0) (a-b) or the difference between V (40)−
V (20) and V (20)−V (0) (c-d). Across subjects, we could not find evidence for a significant correlation
between the inferred convexity or concavity of the utility function and behavioral risk aversion, either when
pooling over the whole experiment and using each ROI as a sample (a,c) or when treating each session
separately and pooling over both ROIs (b,d). In each subplot, value ratios or differences are plotted against
behavioral risk aversion for each subject and each ROI or each session, with linear plots in the same color
showing the linear regression (or correlation) of the neural and behavioral measures. In dashed black is the
overall regression when considering all points in the subplot as samples. In all cases the overall correlation
was not significant (a: p= 0.583, b: p= 0.975, c: p= 0.205, d: p= 0.071, one-tailed Student’s t-tests).
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Supplementary Figure 7: Neural areas generally sensitive to risk. This whole-brain analysis used a design
matrix which included two separate trial-onset stick regressors, one for trials in which the risky 0/40 option
was present (regardless of whether it was chosen) and another for the rest of the trials, and an outcome-onset
stick regressor. In parametric regressors we modeled temporal difference errors (according to the RSTD
model with the subject-specific maximum a posteriori parameters) at trial onset and outcome onset, and
outcome magnitude. Motion covariates and quadratic and linear trends were modeled as covariates of no
interest. Results are shown from a contrast of trials including risk minus those that did not include risk.
Shown are activations that survived a false discovery rate threshold of p < 0.005 and an extent threshold
of at least ten voxels per cluster. As in previous studies, prominent activations are seen in bilateral anterior
insula, right supplementary motor area and bilateral lateral orbitofrontal cortex. Posterior areas were also
strongly activated.
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